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INTRODUCTION
The shoulder represents the third most common location for septic arthritis in adults [1] . Primary management consists of arthroscopic or open irrigation and debridement and is usually combined with local and systemic antibiotherapy to eradicate the infection. Even after successful elimination of bacteria, cartilage and bone destruction is the consequence of prolonged inflammatory arthritis mediated by pro-inflammatory cytokines [2] [3] [4] [5] [6] . Early, aggressive treatment is crucial in order to alleviate pain and restore optimal function [7] . When dealing however with a degenerative joint with advanced osteoarthritis, irreparable or massive rotator cuff tears or in presence of endocutaneous fistulas, this classic approach is burdened by a higher failure rate with insufficient eradication of the infection and unsatisfactory functional outcomes. A recent review on shoulder septic arthritis from 2018 reported a 28% revision rate (mean age of 63.9 years), and a 21% complication rate (mean age of 63.7 years) after primary debridement [1] . In the recent years, several authors reported promising results using a two-stage approach to arthroplasty in infected osteoarthritic knees [8, 9] . The main advantage of this novel approach is that by treating the underlying bony pathology in terms of resecting the arthritic bone the chances of successful infection eradication are increased and at the same time it allows for adequate pain control and improvement of functional outcomes.
Unfortunately, the evidence in the literature regarding this treatment approach is limited and the outcome of patients with native advanced septic arthritis is merged in published cohorts of infected total shoulder arthroplasties [10] [11] [12] [13] [14] [15] . The aim of this study was therefore to evaluate the results of a short interval two-stage arthroplasty approach for septic arthritis with concomitant advanced degenerative changes of the shoulder joint.
MATERIAL AND METHODS
Inclusion criteria and patient characteristics
We retrospectively reviewed our institutions database between January 2012 and December 2017. We included five consecutive patients treated by a two-stage arthroplasty for advanced shoulder septic arthritis. The mean age in our case-series was 61 years (range, 47-70 years). Four of the five patients had undergone previous surgeries on their shoulders (open reduction and plate osteosynthesis of the proximal humerus in 2 cases, arthroscopic rotator cuff repair in 2 cases), while one patient presented a primary septic arthritis (Table 1) . Mean follow-up was 36.8 mo (range, 12-59 mo). Deep infection was documented in all five cases at the time of initial debridement. All patients had positive cultures from articular puncture and had their follow-up at our institution. There was no exclusion.
Surgical technique and perioperative care
A standard deltopectoral approach was used in all cases. An extensive debridement and synovectomy were performed taking care to remove any devitalized soft-tissue or bone. Similarly to revision arthroplasty due to infection, at least five tissue samples or more were collected for microbiology. With a low-pressure irrigation device, a minimum of nine-liter physiological solution was used to wash out the joint. Freehand bone cuts were made taking care to remove any bone cysts or foreign bodies in the humeral head. The medullary canal was then opened and reamed to remove any sclerotic tissue. A custom-made cement spacer was molded intra-operatively and loaded with 4 g of Vancomycine and 1, 2 g of Tobramycine per bag of 40 g of Palacos® cement (containing 0.5 g of Gentamycine) ( Figure 1 ). An intra-articular suction drain was placed through the subacromial space at time of closure. Patients were allowed to actively move the shoulder starting day one after surgery. A 2 wk parenteral antibiotherapy was administered according to preoperative and peroperative cultures and in conjunction with a musculoskeletal infectious disease consultant. The type of arthroplasty was adapted to each situation and was performed in a standard manner during a second stage procedure after a mean interval of 6 wk (range, 6-12 wk) ( Figure 2) .
Absence of persistent infection was based on normalized laboratory markers [Creactive protein (CRP) and white blood cell counts] and absence of clinical signs of infections. An articular puncture was not performed before second stage, but the spacer and several deep tissue samples were collected for microbiology. Oral antibiotics were maintained for a 3 mo period beginning at the first-stage procedure.
Clinical evaluation and functional outcomes
Digital patient's files were screened for residual pain using the visual analogue scale, range of motion and post-operative complications (including hematoma, seroma, blood transfusion, deep venous thrombosis, and revision surgeries). Biologic outcome was based on dosage of the CRP and the X-rays at last follow-up were evaluated for signs of persistent infection (including osteolysis, bone apposition, and component loosening). Pain was assessed using the visual analogue scale. We further recorded shoulder range of motion (ROM), disability of the arm, shoulder, and hand (DASH) score and subjective shoulder value at last follow-up.
RESULTS
Perioperative complications
The mean intraoperative blood loss was 880 mL (range, 200-2000 mL) for first stage (debridement and spacer) and 717 mL (range, 218-1800) for the second stage (arthroplasty). The average operation duration, defined as the time past from incision to the end of suturing was 106 min (range, 67-132 min) for the first stage and 115 min (range, 60-174 min) for the second stage. One patient was required to stay in the intermediate care unit for 1 night postoperatively before being transferred to the surgical ward. None of the patients had to be transferred to the intensive care unit postoperatively.
Complication rate and revision
Several complications of glenohumeral septic arthritis could be noted before the first stage of our treatment. Patients number 3 and 4 had draining skin fistulas, patient number five had developed a septic thrombosis of the humeral vein. The shoulder prostheses were implanted 6 wk after the first stage in 4 cases and with an interval of 12 wk in one case. There were two hemi and three reverse shoulder arthroplasties. No 
Functional outcomes
At final follow-up mean elevation in our series was 102 degrees (range, 70-130 degrees), external rotation was 25 degrees (range, 10-45 degrees). The mean subjective shoulder value was 70% (range, 40%-95%) and DASH score was 18.4 points (range, 7.5-40 points). Detailed results are presented in Table 2 . Furthermore, none of them had clinical, biological or radiological signs of persistent infection at last follow-up and therefore considered cured from infection.
DISCUSSION
Septic arthritis of the glenohumeral joint is a relatively rare entity representing 3% to 15% of septic arthritis. It can nonetheless lead to major complications such as bone and cartilage destruction if treatment is delayed [7, [16] [17] [18] . Early treatment is therefore mandatory to alleviate pain and restore optimal function. Open or arthroscopic irrigation and debridement associated with targeted intravenous antibiotic therapy is effective to eradicate the infection [1, 18, 19] . While arthroscopic procedure seems to lead to better forward flexion and less persistent postoperative pain than open surgery [1, 7, 20] , the number of required procedures is higher and increases further with the severity of infection [21] [22] [23] . Functional results after arthroscopic irrigation and debridement are inferior for patients with delayed diagnosis or treatment, as for those with associated rotator cuff tears [22] . Several authors recently reported encouraging results using a two-stage approach to arthroplasty in osteoarthritic knees [8, 9] . This treatment enables to address degenerative arthritis condition coexistent with septic arthritis and leads to successful infection control and better post-operative knee mobility. While this concept has been recently applied to the treatment of active primary glenohumeral arthritis, the current data in the literature are contradictory in terms of functional outcomes and patient satisfaction. Nonetheless, as summarized in Table 3 the available studies which deal with the topic of two-stage revision are focused on infected total shoulder arthroplasty. The results of patients with native advanced septic arthritis which are merged in theses cohorts, with no separate analysis provided for this specific subgroup. Further only in a small percentage of the patients in theses series a secondstage procedure with spacer removal and shoulder arthroplasty was performed [10] [11] [12] [13] [14] [15] . The available data concerning functional and clinical outcomes is therefore limited to three cases reported by Magnan et al [15] . In their retrospective study, 3 patients were treated with a two-stage arthroplasty for primary septic arthritis with Constant shoulder score ranging 78-85 points and American shoulder and elbow society score ranging 20-22 points.
In our series, despite the short interval for re-implantation, none of the patient had clinical or radiological sign of persistent infection at last follow-up. In a systematic review, McFarland reported a mean interval of 6 mo (range, 2-18 mo) to reimplantation among the different series [24] . Several authors reported a substantial risk of persistent infection after two-stage prosthesis exchange in case of prosthetic shoulder infections with recurrence rates ranging from 0% to 40% [25] [26] [27] [28] [29] [30] [31] [32] . Nonetheless, two retrospective series reported no recurrence of infection after shoulder prosthesis implantation following a resection arthroplasty [18, 29] . In our patients we used a custom made stemmed antibiotic-impregnated polymethyl methacrylate spacer. This technique has the potential to minimize intraarticular scaring, diminish dead space and provide a high local antibiotic concentration [32] . A recent retrospective study reported no statistical difference between stemmed and stemless spacer in term of reinfection rate, operation time, complication rate, or functional outcome after reimplantation. However, in our institution we still favor the potential advantage of a well fitted custom-made stemmed spacer being aware of the fact that there is limited evidence for optimal treatment even in the setup of prosthetic shoulder infections [33, 34] . Definitive treatment with antibiotic spacer has been shown to be a reliable option in low-demand patients. There is a potential risk of glenoid erosions that could put in jeopardy a future reimplantation [24, 35] . This option should therfore be carefully discussed with the patient.
In our series, ROM and functional scores at final follow-up were satisfying taking into consideration that functional results are low in case of irrigation and debridement for septic arthritis of higher stages or with associated rotator cuff tear [21, 36] . Jeon et al [22] reported, in a retrospective series, a University of California at Los Angeles score of 23.7 points in patients with rotator cuff tear, and 29.0 points in patients without rotator cuff tear. In a retrospective series, Sabesan et al [26] reported average forward flexion of 123 ± 33°, external rotation of 26 ± 8° and mean Penn score of 66.4 points in patients treated with a two-staged reverse shoulder arthroplasty. Other series showed postoperative forward elevation from 89° to 119° and external rotation from 19° to 43°[ [21] [22] [23] 25] . Garofalo et al [18] retrospectively reviewed ten patients with late sequelae of septic arthritis of the glenohumeral joint with open joint debridement, humeral head resection, and implantation of an antibiotic spacer. Five of them underwent a delayed (4 to 6 mo) reverse shoulder arthroplasty. At last follow-up, they demonstrated a mean active elevation of 98° and abduction of 70° (range 90-55°). The mean constant score was 56 points. No intraoperative or postoperative complications were observed.
Although we had no complication to deplore in our small series, the complication rates of two-stage reimplantation of shoulder prosthesis is high and vary from 35% to 73% including persistent infection, dislocation, fracture, pulmonary embolism among others [26, 27, 30, 31] . This study should be interpreted in light of its potential limitations, mostly inherent to the retrospective design. However, due to the standardized clinical and radiological follow-up protocol and the excellent documentation through the orthopedic surgeons of our institution, most of the patient data we needed were available for the current analysis. Furthermore, the small number of patients included in this study should be mentioned. However, the data in the literature are limited and consist mainly of small case-series or case-reports.
In conclusion, our results indicate that salvage surgery, as described in our study, is a valuable treatment option in septic arthritis of the shoulder. The rising number of shoulder procedures performed in aging population with inherent higher risk factors could potentially lead to a growing number of septic glenohumeral arthritis. Multicenter studies are necessary to achieve a higher case load and evidence regarding these rare indications. Short interval two-stage approach for septic glenohumeral arthritis is a valid alternative treatment option for patient with advanced degenerative condition and/or irreparable rotator cuff tears. In our opinion, it should be reserved for selected patients with higher stage of infection, who failed to heal with arthroscopic or open lavage and debridement. Hattrup et al [10] 2010 Coffey et al [13] 2010 Magnan et al [15] 2014 Retrospective 5/7 3/7 7 mo (6-8 mo) 40 mo 1 The reimplantation is achieved after treatment of native or prosthetic joint infection without specified data. 
ARTICLE HIGHLIGHTS
Research background
Septic arthritis of the glenohumeral joint is a relatively rare entity representing 3% to 15% of septic arthritis. It can nonetheless lead to major complications such as bone and cartilage destruction if treatment is delayed. Early treatment is therefore mandatory to alleviate pain and restore optimal function. Open or arthroscopic irrigation and debridement associated with targeted intravenous antibiotic therapy is effective to eradicate the infection. However, in patients with advanced osteoarthritic changes and/or massive rotator cuff tendon tears, infection eradication can be challenging to achieve and the functional outcome is often not satisfying even after successful infection eradication.
Research motivation
The motivation behind this study was to evaluate a two-stage approach with initial resection of Goetti P et al. Shoulder arthroplasty in septic arthritis the native infected articular surfaces, implantation of a cement spacer before final treatment with a total shoulder arthroplasty in a second stage. While this treatment option is gaining popularity in recent years, the evidence in the literature remains limited.
Research objectives
The available studies which deal with the topic of two-stage revision are focused on infected total shoulder arthroplasty. The results of patients with native advanced septic arthritis which are merged in theses cohorts, with no separate analysis provided for this specific subgroup. The aim of our study was reported our results of a short interval two-stage arthroplasty approach for septic arthritis with concomitant advanced degenerative changes of the shoulder joint.
Research methods
We retrospectively included five consecutive patients over a five-year period and evaluated the therapeutic management and the clinical outcome assessed by disability of the arm, shoulder and hand (DASH) score and subjective shoulder value (SSV). All procedures were performed through a deltopectoral approach and consisted in a debridement and synovectomy, articular surface resection and insertion of a custom made antibiotic enriched cement spacer. Shoulder arthroplasty was performed in a second stage.
Research results
Mean age was 61 years (range, 47-70 years). Four patients had previous surgeries ahead of the septic arthritis. All patients had a surgical debridement ahead of the index procedure. Mean follow-up was 13 mo (range, 6-24 mo). Persistent microbiological infection was confirmed in all five cases at the time of the first stage of the procedure. The shoulder arthroplasties were performed 6 to 12 wk after insertion of the antibiotic-loaded spacer. There were two hemi and three reverse shoulder arthroplasties. Infection was successfully eradicated in all patients. The clinical outcome was satisfactory with a mean DASH score and SSV of 18.4 points and 70%, respectively.
Research conclusions
Our study indicates that short interval two-stage approach for septic glenohumeral arthritis is a valid alternative treatment option for patient with advanced degenerative condition and/or irreparable rotator cuff tears. The main advantage of this novel approach is that by treating the underlying bony pathology in terms of resecting the arthritic bone the chances of successful infection eradication are increased and at the same time it allows for adequate pain control and improvement of functional outcomes. In our opinion, it should be reserved for selected patients with higher stage of infection, who failed to heal with arthroscopic or open lavage and debridement
Research perspectives
The rising number of shoulder procedures performed in aging population with inherent higher risk factors could potentially lead to a growing number of septic glenohumeral arthritis. Multicenter studies are necessary to achieve a higher case load and evidence regarding these rare indications.
